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(57) ABSTRACT

A plastisol composition comprising (A) polymer fine par-
ticles comprising a polymer (al) which undergoes a chemi-
cal reaction upon heating whereby 1t 1s converted from
incompatibility to compatibility with a plasticizer (B), (B) a
plasticizer, and (C) a reactive component which chemically
reacts with the polymer (al) upon heating to convert the
polymer (al) from mcompatibility to compatibility with the
plasticizer (B). The composition has satisfactory storage
stability, exhibits no bleed-out of the plasticizer after heat-
ing, and gives molded products with excellent mechanical
properties.
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PLASTISOL COMPOSITION AND MOLDED
OBJECT AND ARTICLE EACH OBTAINED
THEREFROM

TECHNICAL FIELD

The present invention relates to a plastisol composition
and to molded products and articles obtained using it. More
particularly, the invention relates to a plastisol composition
which has satisfactory storage stability, which does not
suller bleed-out of the plasticizer after heating and which
grves molded products with excellent mechanical properties.
The mvention also relates to molded products and articles
obtained using the plastisol composition.

BACKGROUND ART

Plastisol compositions obtained by dispersing polymer
fine particles 1 a plasticizer, known as paste resins, are
currently 1n wide used in industry for numerous uses such as
coatings for automobiles, tlooring materials, wallpaper, steel
sheets and the like or as molding materials for slush mold-
ing, dip molding and rotation molding, and the most com-
monly used are vinyl chloride sols employing vinyl chloride
resins as the polymer fine particles.

However, vinyl chloride resins are associated with the
problem of production of the toxic substance dioxin when
incinerated at low temperatures. In order to avoid this
problem, acrylic sols, using acrylic-based resins as the
polymer fine particles, have been proposed as substitute
plastisol compositions 1n place of vinyl chloride sols.

For example, Japanese Unexamined Patent Publication
No. 7-233299 discloses polymer fine particles, used 1n an
acrylic sol composition, which are particles having a core/
shell structure with a plasticizer-compatible core section and
a plasticizer-incompatible shell section. These have been
proposed because particles having such a structure oflfer
improved storage stability in a sol state, and when the sol
composition 1s coated and heated to form a gelled film, the
morphology of the polymer fine particles 1s altered in such
a manner as to improve mechanical properties of molded
products obtained after heating.

In recent years, however, the specifications for the
mechanical properties of molded products obtained using
plastisol compositions have become even more demanding.

Japanese Unexamined Patent Publication No. 9-77950
proposes an acrylic sol comprising polymer particles com-
posed of a copolymer consisting of a hydroxyl group-
containing methacrylate and a different copolymerizable
monomer, but it has not yet been possible to achieve
coatings with suflicient mechanical properties even using
this acrylic sol.

Thus, although acrylic sols using polymer fine particles
with various structures have been proposed, it 1s still the case
that non-vinyl chloride based plastisol compositions with
very excellent mechanical properties, and which can substi-
tute for vinyl chlonide sols, have not yet been obtained.

DISCLOSURE OF THE INVENTION

It 1s an object of the present mvention to solve the
alorementioned problems of the prior art by providing a
novel plastisol composition which produces no harmiul
gases when incinerated, exhibits satisfactory storage stabil-
ity and gives heated molded products with excellent
mechanical properties.
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As a result of much diligent research on the aforemen-
tioned problems, the present inventors have completed the
invention upon finding that, by using polymer fine particles
comprising a polymer which undergoes a chemical reaction
upon heating whereby 1t 1s converted from incompatibility to
compatibility with the plasticizer, 1t 1s possible to vastly
improve the mechanical properties of coatings and molded
products obtained by hot film formation of the plastisol
composition.

Specifically, the present invention provides a plastisol
composition comprising (A) polymer fine particles compris-
ing a polymer (al) which undergoes a chemical reaction
upon heating whereby it 1s converted from incompatibility to
compatibility with a plasticizer (B), (B) a plasticizer, and (C)
a reactive component which chemically reacts with the
polymer (al) upon heating to convert the polymer (al) from
incompatibility to compatibility with the plasticizer (B), as
well as molded products and articles obtained using the
plastisol composition.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

The polymer fine particles (A) used for the invention are
particles comprising a polymer (al) which undergoes a
chemical reaction upon heating whereby it 1s converted from
incompatibility to compatibility with the plasticizer (B).

Because the polymer fine particles (A) are polymer fine
particles for a plastisol composition, they must be 1ncom-
patible with the plasticizer (B) at least at room temperature.
This 1s necessary 1n order to achieve storage stability of the
plastisol composition 1n which the polymer fine particles (A)
and plasticizer (B) are combined.

According to the invention, the standard for judging
compatibility of the polymer (al) with the plasticizer (B) 1s
as follows.

The polymer (al) and plasticizer (B) are combined 1n a
weilght ratio of 100:100 and coated onto a glass plate as a
f1lm to obtain a coating, and the surface of the coating after
standing at room temperature for 24 hours 1s visually
evaluated. If no bleed-out of the plasticizer from the surface
of the coating 1s observed, the polymer (al) 1s judged to be
“compatible”, and 1f bleed-out of the plasticizer from the
surface of the coating 1s observed, polymer (al) 1s judged to
be “incompatible”.

Confirmation of conversion of polymer (al) from incom-
patibility to compatibility with the plasticizer (B) by chemi-
cal reaction upon heating 1s made based on the following
standard.

The polymer (al) and plasticizer (B) are combined 1n a
weilght ratio of 100:100 and the reactive component (C) 1s
added 1n an equimolar amount to the reactive functional
group of polymer (al), the mixture i1s then coated onto a
glass plate and heated under chemical reaction conditions to
obtain a coating, and then the surface of the coating after
standing at room temperature for 24 hours 1s visually
evaluated. If no bleed-out of the plasticizer from the surface
of the coating 1s observed, polymer (al) 1s judged to be
“converted to compatible”, and i bleed-out of the plasticizer
from the surface of the coating i1s observed, polymer (al) 1s
judged to be “not converted to compatible”.

The “chemical reaction conditions™ referred to above are
the conditions necessary for a chemical reaction to proceed
between the polymer (al) and the reactive component (C).

The process rate of the chemical reaction will normally be
about 40% or greater, although this will differ depending on
the combination of the polymer (al) and the reactive com-
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ponent (C) selected. It will sometimes therefore be necessary
for the chemical reaction to proceed to about 70—80%.

The conditions for the process of the chemical reaction
will also differ depending on the combination of the polymer
(al) and the reactive component (C) selected, and therefore
cannot be specified.

As a specific example, when using a polymer with epoxy
groups as the polymer (al) and a nucleophile or electrophile
as the reactive component (C), the reaction conditions may
be set to 140-180° C. for 10-30 minutes for the chemical
reaction between the polymer (al) and the reactive compo-
nent (C) to proceed to approximately 50%.

When the polymer fine particles (A) have a multilayered
structure such as a core/shell structure, polymers with
simple structures having the same components and compo-
sitions as each layer are prepared separately, and the com-
patibility or incompatibility with the plasticizer 1s judged for
cach layer based on the aforementioned judging standard.

The type of polymer composing the polymer fine particles
(A) 1s not particularly restricted so long as it comprises the
polymer (al), but 1t 1s preferably a polymer from which no
harmiul gases are generated upon 1ncineration of the coating,
obtained by heating the plastisol composition.

Examples of polymers that may be used as constituent
components of the polymer fine particles (A) include widely
employed polymers such as acrylic polymers, styrene-based
polymers, butadiene-based polymers, vinyl acetate-based
polymers and the like. In addition, their copolymers, such as
styrene-butadiene  copolymers,  acrylonitrile-butadiene
copolymers, acrylic acid-vinyl acetate copolymers and the
like may also be used. The polymers may be selected
depending on the performance and usage desired for the
coating.

Acrylic polymers and acrylic acid-vinyl acetate copoly-
mers are preferred because of their excellent compatibility
with plasticizers and minimal load on the environment. In
cases where high rubber elasticity 1s required, it 1s preferred
to use styrene-butadiene copolymer alone or in combination
with an acrvlic polymer or acrylic acid-vinyl acetate copoly-
mer.

According to the ivention, the polymer (al) in the
polymer fine particles (A) may be any polymer with at least
one type ol reactive functional group, and 1l necessary it
may be a polymer with two or more reactive functional
groups.

The polymer (al) in the polymer fine particles (A) 1s
incompatible with the plasticizer (B), but upon heating
undergoes a chemical conversion to a component which 1s
compatible with the plasticizer.

Using polymer fine particles comprising the polymer (al),
which 1s incompatible with the plasticizer at room tempera-
ture, will produce a plastisol composition with excellent
storage stability, and since heating converts the polymer (al)
from an incompatible to a compatible compound, the incom-
patible component 1n the coating disappears, thereby notably

improving the plasticizer retention of the obtained coating
and vastly enhancing the mechanical properties.

Although any of the polymers mentioned above may be
used as the polymer (al) with no particular restrictions,
acrylic-based polymers are preferred to facilitate 1ntroduc-
tion of the reactive functional group necessary for chemical
conversion of the polymer (al) for compatibility with the
plasticizer, and because of their practicality.

As specific examples for the polymer (al) there may be
mentioned simple polymers of compounds having a reactive
tfunctional group (al-1) or their copolymers with compounds
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other than compounds having a reactive group (al-1), and
copolymerizable therewith (al-2).

The compound having a reactive functional group (al-1)
referred to here 1s not particularly restricted, and 1t 1s a
compound having at least one reactive functional group.

As specific examples for the compound having a reactive
functional group (al-1) there may be mentioned epoxy
group-containing monomers such as glycidyl (meth)acry-
late, carboxyl group-containing monomers such as meth-
acrylic acid, acrylic acid, 1itaconic acid, crotonic acid, maleic
acid, fumaric acid, 2-succinoloyloxyethyl methacrylate-2
-methacryloyloxyethylsuccinic acid, 2-maleinoloyloxyethyl
methacrylate-2-methacryloyloxyethylmaleic acid, 2-phtha-
loyloxyethyl methacrylate-2-methacryloyloxyethylphthalic
acid and 2-hexahydrophthaloyloxyethyl methacrylate-2-
methacryloyloxyethylhexahydrophthalic acid, sulfonic acid
group-containing monomers such as allylsultfonic acid, car-
bonyl group-containing (meth)acrylates such as acetoac-
ctoxyethyl (meth)acrylate, hydroxyl group-containing
(meth)acrylates such as 2-hydroxyethyl (meth)acrylate and
2-hydroxypropyl (meth)acrylate, cyclic ether group-contain-
ing (meth)acrylates such as tetrahydrofurfuryl (meth)acry-
late, amino group-containing (meth)acrylates such as
N-dimethylaminoethyl (meth)acrylate and N-diethylamino-
cthyl (meth)acrylate, or as acrylamides and their derivatives,
for example, diacetoneacrylamide, N-methylolacrylamide,
N-methoxymethylacrylamide, N-ethoxymethylacrylamide
and N-butoxymethylacrylamide, as well as urethane-modi-
fied acrylates, epoxy-modified acrylates, silicone-modified
acrylates and the like.

These may be used alone or 1n combinations of two or
more. They may be appropriately selected as desired.

According to the invention, epoxy group-containing
monomers and hydroxyl group-containing (meth)acrylates
are particularly preferred in terms of industrial practicality,
because they can easily react for conversion to compatibility
and because they are readily available.

On the other hand, the copolymerizable compound (al-2)
other than compound (al-1) 1s not particularly restricted so
long as it 1s a compound that copolymerizes with the
compound having a reactive functional group (al-1), and for
example, a known alkyl methacrylate and/or alkyl acrylate
monomer may be polymerized to produce a polymer other
than polymer (al).

As specific examples for compound (al-2) there may be
mentioned known alkyl methacrylate and/or alkyl acrylate
monomers including (meth)acrylates of linear alkyl alcohols
such as methyl (meth)acrylate, ethyl (meth)acrylate, n-butyl
(meth)acrylate, 1-butyl (imeth)acrylate, hexyl (imeth)acrylate,
2-ethylhexyl (meth)acrylate and octyl (meth)acrylate,
(meth)acrylates of cyclic alkyl alcohols such as cyclohexyl
(meth)acrylate, and polyfunctional (meth)acrylates such as
(poly)ethyleneglycol  di(meth)acrylate, propyleneglycol
di(meth)acrylate, 1,6-hexanediol di{meth)acrylate and trim-
cthylolpropane tri{meth)acrylate.

These may be used alone or 1n combinations of two or
more. Also, the monomers that are useful for the invention
are not limited to the monomers mentioned above.

The term “(meth)acrylate” as used throughout the present
specification refers to methacrylate and acrylate.

Particularly preferred according to the invention are
methyl (meth)acrylate, n-butyl (meth)acrylate, 1-butyl
(meth)acrylate and 2-ethylhexyl (meth)acrylate, because
they produce coatings with excellent mechanical properties,
are readily available, and have high practical utility in the
industry.
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By approprniate selection of these known alkyl (meth)
acrylates based on their compatibility with plasticizers, they
may also be used as monomers for production of polymer
fine particles having a multilayer structure, such as a core/
shell structure composed of a core polymer and a shell
polymer as described below.

The polymer fine particles (A) used for the mnvention may,
il necessary, contain a polymer other than polymer (al).

In order to obtain a polymer other than polymer (al), any
of the aforementioned known alkyl methacrylate and/or
alkyl acrylate monomers may be appropriately selected for
polymerization.

According to the invention, there are no particular restric-
tions on the combination of polymer (al) with the reactive
component (C) for chemical reaction to convert polymer
(al) from incompatibility to compatibility with the plasti-
cizer, and 1t may be appropriately selected to be suitable for
a known chemical reaction.

For example, from the standpoint of convenience or
productivity for industrial use, 1t 1s preferred to employ an
addition reaction between an epoxy group and a nucleophile
or electrophile, or an addition reaction between a hydroxyl
group and an 1socyanate.

Specifically, in the case of the former addition reaction,
the plastisol composition may be produced by selecting a
polymer with a side chain epoxy group as polymer (al) and
a nucleophile or electrophile as the reactive component (C).

In the case of the latter addition reaction, the plastisol
composition may be produced by selecting a polymer with
a side chain hydroxyl group as polymer (al) and an i1socy-
anate as the reactive component (C).

There are no particular restrictions on the degree of
copolymerization of the compound with a reactive func-
tional group 1n polymer (al), but it 1s preferably at least 5
mole percent and more preferably at least 10 mole percent
for excellent reactivity with the reactive component (C).

While no particular restrictions are placed on the upper
limat, 1t 1s preferably no greater than 80 mole percent and
more preferably no greater than 50 mole percent from the
standpoint of productivity for emulsion polymerization.

Moreover, there are no particular restrictions on the
conditions for chemical conversion of polymer (al) from
incompatibility to compatibility with the plasticizer.

Specifically, the conditions are not particularly restricted
so long as the polymer (al) which 1s incompatible with the
plasticizer at room temperature 1s converted to be compat-
ible with the plasticizer through some chemical reaction at
a temperature ol from about 30° C. to about 100° C.

The temperature for the chemical reaction 1s preferably at
least 50° C. and more preferably at least 80° C. from the
standpoint of storage stability of the plastisol composition.
From the standpoint of allowing the chemical reaction to
occur simultaneously with film formation of the plastisol
composition, the temperature 1s preferably no higher than
200° C. and more preferably no higher than 160° C.

The structure of the polymer fine particles (A) used for the
invention 1s not particularly restricted, and it may be appro-
priately selected 1n consideration of achieving both compat-
ibility with the plasticizer and storage stability of the sol
composition.

As specific examples of particle structures there may be
mentioned simple structures 1 which the components and
composition are homogeneous, a core/shell structure com-
posed of two layers of a core polymer and a shell polymer,
a multilayer structure composed of 3 or more layers, or a
gradient-type structure with extremely thin layers for nearly
continuously gradual change of the composition.
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Polymer fine particles with a simple structure or polymer
fine particles with a core/shell structure are preferred from
the standpoint of ease of preparing the polymer fine par-
ticles.

According to the mvention, the outermost layer of the
polymer fine particles (A) preterably consists of polymer
(al) from the standpoint of storage stability of the plastisol
composition.

Specifically, for example, 1n the case of a simple structure
of the polymer fine particles, the polymer fine particles may
consist of the polymer (al) alone, or in the case of a
multilayer structure of two or more layers, the polymer fine
particles may comprise a core section which 1s compatible
with the plasticizer, with at least the outermost layer con-
sisting of the polymer (al).

There are no particular restrictions on the nature of the
polymer fine particles (A), which may be primary particles,
or alternatively the primary particles may have a secondary
or higher structure to obtain a particle structure designed
according to the purpose and requirements.

Specifically, they may have a secondary structure such as
that of secondary particles composed of weakly aggregated
primary particles, secondary particles composed of strongly
aggregated primary particles, or secondary particles com-
posed of primary particles tused together by heating. Such
secondary particles may additionally have an even higher
order structure obtained by treatment such as granulation.
Polymer fine particles (A) with a higher order structure are
particularly suitable when 1t 1s desired to prevent dusting of
the polymer fine particles, improve the workability by
increased fluidity and the like or improve the physical
properties for better dispersion of the polymer fine particles
in the plasticizer.

The method of producing the polymer fine particles (A)
for the mvention 1s not particularly restricted, and any
known method may be employed. Specifically, the particles
may be produced using polymerization techniques such as,
for example, emulsion polymerization, seed emulsion poly-
merization, soap-iree polymerization, suspension polymer-
1zation, microsuspension polymerization or the like, in an
aqueous medium. Instead of polymerization 1in an aqueous
medium there may be utilized dispersion polymerization in
an organic medium or dispersion polymerization in an
aqueous/organic mixed medium, or precipitation polymer-
ization 1n an organic medium. Depending on the purpose,

these polymerization techniques may also be used 1n various
combinations.

Emulsion polymerization, seed emulsion polymerization
and soap-iree polymerization are practical for use when it 1s
desired to control the particle structure such as for core/shell
particles. These methods are preferred from the standpoint
of obtaining polymer fine particles of high molecular weight
and producing coatings with satisfactory physical properties.
Microsuspension polymerization 1s also preferred from the
standpoint of relatively easily obtaining polymer fine par-
ticles with a specific surface area in the optimum range, and
from the standpoint of allowing introduction of a core/shell
structure into the polymer fine particles (A) by post-treat-
ment such as alkali hydrolysis after polymerization.

There are no particular restrictions on the method of
recovering the polymer from the polymenzation dispersion
obtained by such polymerization techniques, and common
methods such as spray drying, coagulation, lyophilization,
centrifugal separation and filtration may be employed. Spray
drying 1s superior from the standpoint of facilitating control
of the particle properties and increasing productivity.



Uus 7,041,715 B2

7

The plasticizer (B) used for the invention i1s not particu-
larly restricted, and any known plasticizer may be used. As
specific examples for the plasticizer (B) there may be
mentioned plasticizers based on dialkyl phthalates such as
dibutyl phthalate, dihexyl phthalate, dioctyl phthalate,
diisononyl phthalate and diisodecyl phthalate, alkylbenzyl
phthalates such as butylbenzyl phthalate, alkylaryl phtha-
lates, dibenzyl phthalates, diaryl phthalates, alkylsulfonic
acid esters, triaryl phosphates such as tricresyl phosphate,
trialkyl phosphates, alkylaryl phosphates, benzoic acid
esters, adipic acid esters, polyesters, soybean oils such as
epoxidated soybean oi1l, and liquid polymers. These plasti-
cizers may be used alone or in combinations of two or more,
depending on the purpose.

The desired plastisol composition may be obtained by
appropriate selection of the properties of the plasticizer, such
as resistance to low-temperatures, flame retardance, oil
resistance, low viscosity and low thixotropy. Phthalic acid
ester-based, alkylsulfonic acid ester-based and polyester-
based plasticizers are preferred for practical reasons, includ-
ing commercial availability and economy, as well as work-
ability.

The reactive component (C) used for the invention 1s an
essential component for chemical reaction with the reactive
functional group on the side chain of the polymer (al) 1n the
polymer fine particles (A) upon heating to convert the
polymer (al) from incompatibility to compatibility with the
plasticizer (B).

The reactive component (C) 1s not particularly restricted
so long as 1t 1s a component which chemically reacts with the
reactive functional group on the side chain of the polymer
(al), but a monofunctional compound 1s preferably used for
superior plasticizer retention of the obtained coating.

As specific examples for the reactive component (C) there
may be mentioned nucleophiles or electrophiles, such as
carboxylic acids, secondary amines and thiols, as well as
1socyanates.

More specifically, when using polymer fine particles (A)
comprising a polymer (al) with an epoxy group as the
reactive functional group, for example, a nucleophile or
clectrophile which chemically reacts with the epoxy group
may be used as the reactive component (C).

There are no particular restrictions on the nucleophile or
clectrophile, but carboxylic acids, secondary amines and
thiols are preferred from the standpoint of reactivity with the
epoxy group, among which higher fatty acids such as
2-ethylhexanoic acid, 3,5,3-trimethylhexanoic acid, oleic
acid and 1sostearic acid or secondary amines such as dibu-
tylamine and di-(2-ethylhexyl)amine are especially pre-
ferred.

When using polymer fine particles (A) comprising a
polymer (al) with a hydroxyl group as the reactive func-
tional group, it 1s preferred to use an 1socyanate which
chemically reacts with the hydroxyl group, as the reactive
component (C). The 1socyanate in this case 1s not particu-
larly restricted, but from the standpoint of storage stability
of the plastisol composition it 1s preferred to use a block
1socyanate having the 1socyanate group protected with a
blocking agent.

According to the imnvention, the plastisol composition may
comprise two or more reactive functional groups on side
chains of the polymer (a), and two or more reactive com-
ponents (C).

Specifically, the plastisol composition may contain (A)
polymer fine particles having an epoxy group and hydroxyl
group as reactive functional groups in the polymer (al), (B)
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a plasticizer, and a carboxylic acid, secondary amine, thiol
or 1socvanate as the reactive component (C).

When such a plastisol composition 1s heated under chemi-
cal reaction conditions, an addition reaction occurs between
the epoxy group as the reactive functional group of the
polymer fine particles (A) and the carboxylic acid as the
reactive component (C), producing a hydroxyl group. The
produced hydroxyl group may also be utilized as a reactive
component (C) which chemically reacts with an 1socyanate
in the polymer fine particles (A).

If necessary, the plastisol composition of the invention
may contain as appropriate an added reaction catalyst to
accelerate the reaction between the polymer (al ) component
and the reactive component (C), or an added dissociation
catalyst when a block 1socyanate 1s used.

Depending on the purpose of use, the plastisol composi-
tion of the mvention may also include various other addition
agents or materials. For example, there may be optionally
added filling materials such as calctum carbonate, aluminum
hydroxide, baryta, clay, colloidal silica, mica powder, silica
sand, diatomaceous earth, kaolin, talc, bentonite, glass pow-
der or aluminum oxide, pigments such as titanium oxide or
carbon black, diluents such as mineral terpenes or mineral
spirits, as well as defoaming agents, mildew proofing agent,
deodorants, antibacterial agents, surfactants, lubricants,
ultraviolet absorbers, aromatics, foaming agents, leveling
agents, adhesives and the like.

Molded products and articles according to the mnvention
will now be explained.

A molded product according to the invention 1s a molded
product obtained by hot molding the plastisol composition
described above. The molding method used 1s not particu-
larly restricted, and a known method such as dip molding,
slush molding, rotation molding, cast molding, immersion
molding or the like may be used.

As specific examples of molded products there may be
mentioned fake leather, films, gloves, toys, miscellaneous
goods, industrial parts, electrical insulating parts, automo-
bile interior materials and the like.

An article according to the invention 1s an article having
a coating obtained by heating the plastisol composition
described above.

As examples of coated articles there may be mentioned,
specifically, automobile parts coated with the aforemen-
tioned plastisol composition as an undersealing material, as
a hood lighting adhesive, as a sill-protecting compound or as
a spot-welding paste, as well as for other adhesive uses.
There may also be mentioned the use of the plastisol
composition 1n the packaging industry, as a crown cork used
to seal container closures, or as a seam sealant for tin cans.

The plastisol composition may also be used for numerous
other industrial purposes, such as a wall covering, floor
finshing material, or as an adhesive for laminated glass.

There are no particular restrictions on the method of
applying the plastisol composition onto an object to obtain
an article according to the invention, and for example, there
may be mentioned known methods such as knife coating,
comma coating, gravure printing, roll coating, rotary silk
printing, reverse coating, spray painting, screen coating and
the like.

The present mvention will now be explained in greater
detail through the following examples. The “parts™ in the
examples refer to parts by weight; the evaluations were
conducted according to the following methods.

V1SCOSIty

The obtained plastisol composition was adjusted to a
temperature of 25° C. 1n a thermostatic water bath, and a BM
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viscometer (Rotor No.3, product of Toki Sangyo Co., Ltd.)
was used to measure the viscosity at 6 rpm (units: Pa-s)

Storage Stability

The plastisol composition was kept msulated 1n a ther-
mostatic chamber at 30° C. for 1 week and then removed,
and the viscosity was again measured at 20° C. (BM
viscometer, Rotor No.3, 6 rpm, product of Toki Sangyo Co.,
Ltd.). The thickening rate of the plastisol composition was
calculated according to the following formula, and the
storage stability was evaluated based on the following scale
(units: %).

viscosity after storage/initial viscosity)—1 x100{%
{« ty g ty

©: <40

O: 240 and <60

A: 260 and <100

X: 2100

Plasticizer Retention

A test sample glass plate coated with the plastisol com-
position was heated, and the coating obtained by gelling was
cooled to room temperature and allowed to stand for 24
hours and then visually evaluated.

O: Satisfactory plasticizer retention, with no observable
bleed-out of the plasticizer on the coating surface.

X: Observable bleed-out of the plasticizer on the coating
surface.

Strength

The obtained coating was peeled from the glass plate and
cut mnto a No.3 dumbbell shape according to the procedure
of JIS K-7113 to prepare a test sample, and the coating
strength was measured with a Tensilon measuring instru-
ment (units: MPa). The testing speed was 200 mm/min, the
load cell rating was 980 N, and the environment temperature
for measurement was 25° C.

Rubber Elasticity

The plastisol composition was coated onto a glass plate to
a thickness of 2 mm, and heated and gelled to obtain a
uniform film. This was then cut into 100 mmx15 mm test
samples for a repeated tensile test using a Tensilon measur-
ing strument with a clamp separation distance of 50 mm,
a testing speed of 50 mm/min and a pull length of 20 mm.
The rubber clasticity was calculated from the 2nd cycle
hysteresis curve of the resulting displacement-stress curve
according to the following formula, and evaluation was
made based on the following scale (units: %).

(Work during restoration/work during pulling)x100
(o)
©@: 270
O: 250 and <70
A: 240 and <50
X: <30

PRODUCTION EXAMPLE 1

Preparation of Polymer Fine Particles (Al)

After placing 500 g of purified water 1n a 2-liter 4-necked
flask equipped with a thermometer, a nitrogen gas 1ntroduc-
tion tube, a stirring rod, a dropping funnel and a cooling
tube, nitrogen gas was suiliciently bubbled through for 30
minutes for exchange of the dissolved oxygen 1n the purified
water with mitrogen. After then stirmng at 200 rpm while
blowing in nitrogen gas, the temperature was raised to 80°
C. Once the internal temperature reached 80° C., 0.25 g of
potassium persulfate dissolved 1n 10 g of purified water was
added thereto at once.
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10

Next, a monomer emulsion (a stirred, emulsified mixture
of 340.6 g of methyl methacrylate, 159.4 g of glycidyl
methacrylate, 5.00 g of sodium dioctylsuliosuccinate
(PELEX O-TP, trade name of Kao Corp.) and 250.0 g of
purified water) was added dropwise thereto over a period of
5 hours, and stirring was continued at 80° C. for 1 hour to
obtain a polymer dispersion.

After cooling the obtained polymer dispersion to room
temperature, a spray drier (Model L-8 by Okawara Kakoki
Co., Ltd.) was used for spray drying at an inlet temperature
of 170° C., an outlet temperature of 75° C. and an atomizer
speed of 25,000 rpm, to obtain polymer fine particles (Al).
Table 1 shows the results of evaluating the obtained polymer
fine particles (Al).

PRODUCTION EXAMPLES 24

Preparation of Polymer Fine Particles (A2)-(A4)

The procedure described 1n Production Example 1 was
repeated, except that the monomers for the dropwise added
monomer emulsion had the respective compositions shown
in Table 1 at 500 g, to obtain polymer fine particles (A2)-
(A4). Table 1 shows the results of evaluating the obtained
polymer fine particles (A2)—(A4).

PRODUCTION EXAMPL.

L1l
N

Preparation of Polymer Fine Particles (AS5)

After placing 500 g of punified water 1n a 2-liter 4-necked
flask equipped with a thermometer, a nitrogen gas ntroduc-
tion tube, a stirring rod, a dropping funnel and a cooling
tube, nitrogen gas was sufliciently bubbled through for 30
minutes for exchange of the dissolved oxygen 1n the purified
water with nitrogen. After changing the nitrogen gas to a
flow, 12.9 g of methyl methacrylate and 12.1 g of n-butyl
methacrylate were added and the temperature was raised to
80° C. while stirring at 200 rpm. Once the internal tempera-
ture reached 80° C., 0.25 g of potassium persuliate dissolved
in 10 g of purified water was added thereto at once, and
soap-iree polymerization was commenced. The stirring was
continued at 80° C. for 60 minutes to obtain a seed particle
dispersion.

Next, a monomer emulsion (a stirred, emulsified mixture
of 146.2 g of methyl methacrylate, 103.8 g of n-butyl
methacrylate, 2.50 g of sodium dioctylsulfosuccinate and
87.5 g of purified water) was added dropwise to the seed
particle dispersion over a period of 2.5 hours, and then
stirring was continued at 80° C. for 1 hour to obtain a core
particle polymer dispersion.

Next, a monomer emulsion (a stirred, emulsified mixture
of 184.5 g of methyl methacrylate, 32.7 g of n-butyl meth-
acrylate, 32.7 g of glycidyl methacrylate, 1.25 g of sodium
dioctylsulfosuccinate, 5.00 g of polyoxyethylene lauryl
cther (EMULGEN 106, trade name of Kao Corp.) and 87.5
g of purified water) was added dropwise to the polymer
dispersion over a period of 2.5 hours, and then stirring was
continued at 80° C. for 1 hour to obtain a core/shell particle
polymer dispersion.

After cooling the obtained polymer dispersion to room
temperature, a spray drier was used for spray drying at an
inlet temperature of 170° C., an outlet temperature of 75° C.
and an atomizer speed of 25,000 rpm, to obtain polymer fine
particles (AS5). Table 1 shows the results of evaluating the
obtained polymer fine particles (AS5).
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PRODUCTION EXAMPLE 6

Preparation of Polymer Fine Particles (A6)
The procedure described in Production Example 5 was

repeated, except that the monomer for the dropwise added 5

monomer emulsion had the composition shown 1n Table 1 at
250 g each, to obtain polymer fine particles (A6).

Table 1 shows the results of evaluating the obtained

polymer fine particles (A6).

TABLE 1

Core Shell Copolymerization
Polymer fine composition composition
particles (mole %) (mole %) functional group
Al MMA/GMA = — 30

70/30
A2 MMA/n-BMA/GMA = — 20

60/20/20
A3 MMA/n-BMA/GMA = — 10

80/10/10
A4 MMA/n-BMA = — 0

60/40
A5 MMA/n-BMA = MMA/n-BMA/GMA = Core: O

60/40 80/10/10 Shell: 10
A6 MMA/n-BMA = MMA/GMA = Core: O

60/40 70/30 Shell: 30

The abbreviations in the table are as follows.
MMA: Methyl methacrylate

GMA: Glycidyl methacrylate
n-BMA: n-Butyl methacrylate

EXAMPLE 1

After adding 100 parts of diizsononyl phthalate (hereunder,
DINP) as a plasticizer to 100 parts of polymer fine particles
(A1), the mixture was stirred with a disper mixer, defoamed
under reduced pressure and then heated 1n an oven at 140°
C. for 30 minutes; as a result, the polymer fine particles (Al)
did not dissolve but were incompatible with the DINP.

Next, there were added 31 parts of di-(2-ethylhexyl)amine
as a reactive component (C) for chemical conversion to
compatibility and 131 parts of DINP to 100 parts of the
polymer fine particles (Al), and the mixture was stirred with
a disper mixer and defoamed under reduced pressure to
obtain a homogeneous plastisol composition. The evaluation
results are shown 1n Table 2.

The obtained plastisol composition was coated onto a
glass plate to a thickness of 2 mm and heated at 140° C. for
30 minutes for gelling to obtain a uniform coating. The
evaluation results are shown in Table 2.

EXAMPLE 2

After adding 100 parts of DINP as a plasticizer to 100
parts of polymer fine particles (A2), the mixture was stirred
with a disper mixer, defoamed under reduced pressure and
then heated 1n an oven at 140° C. for 30 minutes; as a result,
the polymer fine particles (A2) did not dissolve but were
incompatible with the DINP.

Next, there were added 40 parts of oleic acid as a reactive
component (C) for chemical conversion to compatibility, 2
parts of tributylaluminum bromide as a reaction catalyst and
140 parts of DINP to 100 parts of the polymer fine particles
(A2), and the mixture was stirred with a disper mixer and
defoamed under reduced pressure to obtain a homogeneous
plastisol composition.
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A uniform coating was then obtained 1n the same manner
Example 1.

ds

EXAMPLE 3

After adding 100 parts of DINP as a plasticizer to 100
parts of polymer fine particles (A2), the mixture was stirred
with a disper mixer, defoamed under reduced pressure and

Weight-
average

of monomer with  molecular

weilght
802,000

884,000
916,000
764,000
784,000

835,000

then heated 1n an oven at 140° C. for 30 minutes; as a result,
the polymer fine particles (A2) did not dissolve but were
incompatible with the DINP.

Next, there were added 40 parts of 1sostearic acid (DIA-
DOL 18GA, trade name of Mitsubishu Chemical Co., Ltd.)
as a reactive component (C) for chemical conversion to
compatibility, 2 parts of tributylaluminum bromide as a
reaction catalyst and 140 parts of DINP as a plasticizer to
100 parts of the polymer fine particles (A2), and the mixture
was stirred with a disper mixer and defoamed under reduced
pressure to obtain a homogeneous plastisol composition.

A uniform coating was then obtained 1n the same manner
Example 1.

ds

EXAMPLE 4

After adding 100 parts of DINP as a plasticizer to 100
parts of polymer fine particles (A3) having the same com-
ponents and composition as the outermost layer component
of the polymer fine particles (A5), the mixture was stirred
with a disper mixer, defoamed under reduced pressure and
then heated 1n an oven at 140° C. for 30 minutes; as a result,
the polymer fine particles (A3) did not dissolve but were
incompatible with the DINP.

Next, there were added 10 parts of oleic acid as a reactive
component (C) for chemical conversion to compatibility, 1
part of 1,2-dimethylimidazole as a reaction catalyst and 110
parts of DINP to 100 parts of polymer fine particles (A5),
and the mixture was stirred with a disper mixer and
defoamed under reduced pressure to obtain a homogeneous
plastisol composition.

A uniform coating was then obtained 1n the same manner
Example 1.

ds

EXAMPLE 5

The procedure described in Production Example 4 was
repeated, except that the conditions for heating and gelling
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of the plastisol composition were 160° C. for 20 minutes, to
obtain a uniform coating. The evaluation results are shown

in Table 2.

EXAMPLE 6

The procedure described in Production Example 4 was
repeated, except that the conditions for heating and gelling
of the plastisol composition were 180° C. for 10 minutes, to

obtain a uniform coating. The evaluation results are shown
in Table 2.

EXAMPLE 7

After adding 100 parts of a benzoic acid ester-based
plasticizer (B-510, trade name of Toho Rika Kogyo Co.,
Ltd.) to 100 parts of polymer fine particles (Al) having the
same components and composition as the outermost layer
component of the polymer fine particles (A6), the mixture
was stirred with a disper mixer, defoamed under reduced
pressure and then heated i an oven at 140° C. for 30
minutes; as a result, the polymer fine particles (Al) did not
dissolve but were incompatible with the benzoic acid ester-
based plasticizer.

Next, there were added 30 parts of oleic acid as a reactive
component (C) for chemical conversion to compatibility, 1
part of 1,2-dimethylimidazole as a reaction catalyst and 130
parts of the benzoic acid ester-based plasticizer to 100 parts
of polymer fine particles (A6), and the mixture was stirred
with a disper mixer and defoamed under reduced pressure to
obtain a homogeneous plastisol composition.

A uniform coating was then obtained in the same manner
as Example 1.

EXAMPLE 8

After adding 100 parts of a phenyl alkylsulfonate (MES A-
MOLL, trade name of Bayer AG) as a plasticizer to 100 parts
of polymer fine particles (Al) having the same components
and composition as the outermost layer component of the
polymer fine particles (A6), the mixture was stirred with a
disper mixer, defoamed under reduced pressure and then
heated 1n an oven at 140° C. for 30 minutes; as a result, the
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polymer fine particles (Al) did not dissolve but were incom-
patible with the MESAMOLL.

Next, there were added 30 parts of oleic acid as a reactive
component (C) for chemical conversion to compatibility, 1
part of 1,2-dimethylimidazole as a reaction catalyst and 130
parts of MESAMOLL to 100 parts of polymer fine particles
(A6), and the mixture was stirred with a disper mixer and

defoamed under reduced pressure to obtain a homogeneous
plastisol composition.

A uniform coating was then obtained 1n the same manner
Example 1.

COMPARATIV.

ds

EXAMPLE 1

(Ll

After adding 100 parts of DINP1 as a plasticizer to 100
parts of polymer fine particles (AS), the mixture was stirred
with a disper mixer and then defoamed under reduced
pressure to obtain a homogeneous plastisol composition.

A uniform coating was then obtained 1n the same manner
Example 1.

COMPARATIV.

ds

L1

EXAMPLE 2

After adding 100 parts of DINP1 as a plasticizer to 100
parts of polymer fine particles (A4), the mixture was stirred
with a disper mixer and then defoamed under reduced
pressure to obtain a homogeneous plastisol composition.
The composition gelled during the storage stability test, and
thus exhibited poor storage stability.

A uniform coating was then obtained 1n the same manner
Example 1.

COMPARATIV.

ds

L1

EXAMPLE 3

After adding 100 parts of DINP1 as a plasticizer to 100
parts of polymer fine particles (Al), the mixture was stirred
with a disper mixer and then defoamed under reduced
pressure to obtain a homogeneous plastisol composition.

The obtained plastisol composition was coated onto a
glass plate to a thickness of 2 mm, and was then heated to
160° C. for 30 minutes and gelled. When the obtained
coating was cooled to room temperature and allowed to
stand for 24 hours, bleed-out of the plasticizer was observed,
indicating poor plasticizer retention.
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The abbreviations 1n the table are as follows.

Al: Polymer fine particles obtained 1in Production Example

1

A2: Polymer fine particles obtained 1in Production
2

A3: Polymer fine particles obtained 1n Production
3

A4: Polymer fine particles obtained 1in Production
4

A5: Polymer fine particles obtained 1in Production
S

A6: Polymer fine particles obtained 1n Production
6

DINP: Diisononyl phthalate

B-3510: Benzoic acid ester-based plasticizer (B-510, trade
name of Toho Rika Kogyo Co., Ltd.)

MESAMOLL: Phenyl alkylsulionate (MESAMOLL, trade
name of Bayer AG)

Example

Example

Example

Example

Example

*1: Unmeasurable

Examples 1 to 3 are examples of using epoxy group-
containing homogeneously structured particles as the poly-
mer fine particles, which are converted to compatibility by
reaction of a secondary amine or carboxylic acid with the
epoxy group. When no reactive component 1s included,
heating produces no film, and as a result all of the particles
were incompatible with the plasticizers. In contrast, the
plastisol compositions obtained by adding epoxy group-
reactive components exhibited a low thickeming rate and
satisfactory storage stability. Also, the coatings obtained by
hot film formation exhibited satistactory rubber elasticity.

Examples 4 to 8 employed polymer fine particles with a
core/shell structure which was not homogeneous. The shell
portions as the outermost layers of the polymer fine particles
were incompatible with the plasticizers. The plastisol com-
positions obtained by adding epoxy group-reactive compo-
nents exhibited a low thickening rate and satisfactory stor-
age stability. Also, the coatings obtained by hot film
formation exhibited satisfactory rubber elasticity.

Comparative Example 1 1s an example of a plastisol
composition employing polymer fine particles with a core/

shell structure. The storage stability of this plastisol com-
position was satisfactory. However, the coating obtained by
hot film formation of the plastisol composition contained
residue of the component which was incompatible with the
plasticizer, and therefore the rubber elasticity of the coating
was unsatisiactory.

Comparative Example 2 1s an example of a plastisol
composition employing polymer fine particles with a homo-
geneous structure which was compatible with the plasticizer.
The physical properties of the coating obtained by hot film
formation of this plastisol composition were satisfactory, but
the plastisol composition gelled during evaluation of the
storage stability, thereby indicating poor storage stability.

Comparative Example 3 1s an example of a plastisol
composition employing polymer fine particles with a homo-
geneous structure including epoxy group side chains.
Although the storage stability of this plastisol composition
was satisfactory, the coating obtained by hot film formation
contained residue of the component which was incompatible
with the plasticizer and, therefore, bleed-out of the plasti-
cizer was observed after film formation and a uniform
coating was not obtained.
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18
INDUSTRIAL APPLICABILITY

According to the mmvention, 1t 1s possible to provide a
plastisol composition employing a non-halogenated polymer
which emits no substances such as hydrogen chloride gas or
dioxins during incineration and having satisfactory storage
stability and molded product properties, and the effect 1s
therefore notable 1n terms of 1ndustrial advantage and envi-
ronmental conservation.

The mvention claimed:
1. A plastisol composition comprising:

(A) polymer fine particles comprising a derivatized poly-
mer (al’) and

(B) a plasticizer

wherein the derivatized polymer (al’) 1s obtamned by
heating a polymer (al) with a reactive component

wherein the polymer (al) 1s incompatible with the plas-
ticizer (B) and the derivatized polymer (al’) 1s com-
patible with the plasticizer (B).
2. A plastisol composition according to claim 1, wherein
the polymer (al) 1s a polymer with at least one type of
reactive functional group.

3. A plastisol composition according to claim 1, wherein
an outermost layer of the polymer fine particles (A) consists
of the derivatized polymer (al’).

4. A plastisol composition according to claim 1, wherein
the polymer fine particles (A) have a simple structure
consisting of the derivatized polymer (al’).

5. A plastisol composition according to claim 1, wherein
the polymer fine particles (A) have a core/shell structure,
wherein the shell portion comprises the derivatized polymer
(al’).

6. A plastisol composition according to claim 1, wherein

the polymer (al) has an epoxy group side chain, and the
reactive component (C) 1s a nucleophile or electrophile.

7. A plastisol composition according to claim 1, wherein
the polymer (al) comprises an acrylic-based polymer.

8. A molded product obtained by hot molding a plastisol
composition according to claim 1.

9. An article having a coating which 1s prepared by
heating a plastisol composition according to claim 1.

10. An article having a coating which 1s prepared by
heating a plastisol composition according to claim 2.

11. An article having a coating which 1s prepared by
heating a plastisol composition according to claim 3.

12. An article having a coating which 1s prepared by
heating a plastisol composition according to claim 4.

13. An article having a coating which 1s prepared by
heating a plastisol composition according to claim 5.

14. An article having a coating which 1s prepared by
heating a plastisol composition according to claim 6.

15. A molded product prepared by hot molding a plastisol
composition according to claim 2.

16. A molded product prepared by hot molding a plastisol
composition according to claim 3.

17. A molded product prepared by hot molding a plastisol
composition according to claim 4.

18. A molded product prepared by hot molding a plastisol
composition according to claim 5.

19. A molded product prepared by hot molding a plastisol
composition according to claim 6.
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